Computational Methods
Theoretical calculations were performed using Gaussian03 (G03) and Dmol 3 program in Materials Studio package.
In the case of G03, DFT was used for the optimization of ground state and time dependent DFT (TDDFT) was used to obtain the lowest vertical excitation energies. SDD basis set was used.
In the case of DMol 3 , Becke exchange and Lee-Yang-Parr 1988 correlation functional (BLYP) was used at the generalized gradient approximation (GGA) level. DNP (Double Numerical and Polarization) basis set and ECP (Effective Core Potential) were used. The electronic properties of cluster models of yttrium oxide, yttrium oxy-sulphide and its Eu 3+ and Er 3+ ion doped analogues at different spin multiplicities were obtained by performing geometry optimization.
Results and Discussion
A small cluster model with four yttrium and six oxygen atoms was taken from the crystal structure of Y 2 O 3 with BCC lattice and is shown in Fig. 1(a) . Cluster (a) was then doped with one Eu 3+ ion and is shown in Fig. 1(b) . Fig. 1 (c) was obtained by doping one Er 3+ ion in cluster (a). Yttrium oxy-sulphide cluster was obtained by replacing two oxygen atoms by sulphur in cluster (a) and the structure is shown is Fig. 1(d) . Cluster (d) was then doped with one Eu 3+ ion and is shown in Fig. 1(e) . Cluster (f) was obtained by doping one Er 3+ ion in cluster (d). The geometries of yttrium oxide and yttrium oxy-sulphide clusters and their Eu and Er doped analogues were optimized for different spin multiplicities and the energies are given in Table 1 and  Table 2 respectively. 
Europium doped yttrium oxide and yttrium oxy-sulphide
From Table 1 Fig. 2 (a-d) .
The yttrium oxide has high intense absorption around 376 nm and this absorption is due to a single electron excitation 
Erbium doped yttrium oxide and yttrium oxi-sulphide
It can be observed from the Table 2 that the quartet states of Er doped yttrium oxide and yttrium oxy-sulphide are stable and octet states are the least stable. The next highest energy state to quartet is the doublet. This result indicates that in absorption/emission spectroscopy the transition from doublet state to quartet state can be observed, which agrees with experiment [4] . 
Conclusions
The (c)
